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Figure 1. 


ALL-SOLID-STATE, 

LOW-DISTORTION OSCILLATOR 

SINE- OR SQUARE-WAVE 


The Type 1309-A is the second 
in our new line of general-purpose 
variable-capacitance-tuned RC os¬ 
cillators, recently introduced with 
the Type 1310-A Oscillator.* It con¬ 
tinues the modern, all-solid-state 
design used in the Type 1308-A and 
Type 1 311 -A Audio Oscillators. 


The continuing need for greater 
accuracy in electrical measurements, 
the improvements in sound-recording 
and reproduction ecjuipment, and the 
increasingly stringent recjuirements on 
communication systems have all low¬ 
ered the levels of distortion acceptable 
in new e(|uipment. To design and to test 
this erjuipment. accurate distortion 
measurements must l>e made, and an 

• Robert E. Ow-oo. “A Modern. Wide-R»n«e RC OscilU* 
tor." Gunrral Radio Rtp«riment«r, Auffuat 19rt5. 


essential part of any harmonic distor¬ 
tion measurement is a low-distortion 
.source. 

As distortion specifications have 
tightened, generators with lower and 
lower distortion levels have l>ecome 
available, but most of them have l)een 
(|uite expen.sive owing to a concomitant 
emphasis on e.xtreme amplitude stabil¬ 
ity and a flat fre(|uency characteristic. 
In lower-cost, general-purpo.s(» oscilla¬ 
tors, on the other hand, the transition 
from vacuum tubes to transistors has 
led to higher, rather than lower, distor¬ 
tion levels, as a result of the technicpies 
used to obtain these additional char¬ 
acteristics. 

The new Type 1300-A Oscillator, an 
all-solid-state, capacitance-tuned oscil¬ 
lator, combines very low distortion 
with accuracy and stability ample for 
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vviEN BRIDGE 


differential 

AMPLIFIER 


Figure 2. Block diagram of Type 1309-A Oscillator. 



general laboratory use. Output is quite 
constant over the entire frequency 
range of 10 Hz to 100 kHz, and an out¬ 
put attenuator provides the low signal 
levels necessary for testing active 
devices. As with other General Radio 
RC Oscillators, there is an input-output 
synchronization jack. An added feature 
is a square-wave output for transient- 
response measurements. This output 
^ has a symmetrical waveform and an 
unusually short rise time. 

Figure 1 is a panel view of the 
oscillator, and Figure 2 shows the three 
major elements: a low-distortion Wien 
bridge oscillator, a Schmitt squaring 
circuit, and an output attenuator. 

DISTORTION 

The low distortion is achieved 
through the use of a high degree of 
negative feedback and a thermistor of 

* Robert tl. Owen, "Soliri-Stalc RC Oscillator DeMiKH 
for .Audio Use", Journal of the Audio Engineering Societg. 
Vol 11, January. 


special de.sign for amplitude control.- 
The distortion at full output is approxi¬ 
mately constant with load impedance 
for any linear load of (iOO ohms or 
greater. When the open-circuit output 
is one volt or less, the distortion is 
independent of the size of the load. 
The distortion is typically less than 
0.01% for frequencies near 1 kHz, often 
below what can be conveniently meas¬ 
ured. Note that the shape of the dis¬ 
tortion curve (Figure 3) is typical of 
most audio-frequency devices, so that 
the margin between the source distor¬ 
tion and a device under test remains 
approximately constant with fre(iueucy. 

Low levels of hum and noise are 
always desirable, but to be useful for 
broadband distortion measurements an 
oscillator must have nois<» and hum that 
are at least as low as the distortion. The 
1-kHz output of the Type L^()9-A 
has noise typically less than 0.00')% in 
a bandwidth of o Hz to oOO kHz, and 



Figura 3. OtciU 
latar distortion 
For 600-ohm load 
or open circuit. 
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Figure 4. Typical otcillafor output voltoge vertut Frequency. 


hum is less than 0.001% (—100 dB) 
of the full output. 

AHENUATOR 

The sin\isoidal open-circuit output 
voltage can be varied continuously 
between 5 volts and less than 0.5 milli¬ 
volt by means of the output attenuator. 
An additional position, labeled zero 
volts, disconnects the oscillator output 
from the terminals yet maintains the 
OOO-ohm output impedance. This pro¬ 
vides a convenient transient-free means 
of reducing the output to zero without 
disturbing the continuous attenuator 
setting or shorting or disconnecting a 
carefully shielded system. Further, it 
aids in locating ground loops and other 
sources of extraneous signals w’hen one 
is working with small signal levels. 
With the oscillator output removed, the 
extraneous signals are not masked, so 
that they are easier to measure and to 
eliminate. This technique offers con¬ 
siderable advantage over the often- 
used one of short-circuiting the output. 
Shorting drastically changes the im- 



Figure 5. (Left) Leading edge of 10-kHz square wa 
(Right) Direct-coupled 10>Hz square wave 


pedance levels and can, in effect, change 
the whole circuit, possibly eliminating 
the very source that one is trying to 
isolate. 

The variation of the output of any 
o.scillator at different frequencies is 
perhaps its most noticeable departure 
from ideal. Because of this, and because 
a constant output is convenient for 
response measurements, most modern 
transistor oscillators have relatively 
Hat output-frequency characteristics, 
although this property may be accom¬ 
panied by moderately high distortion, 
which is uniform across the frequency 
range. The output of the Type 1309-A 
is constant within dz2% over its whole 
frequency range and is typically wdthin 
±0.5% (see Figure 4). It is stable 
within ±0.2% for one hour, typically, 
under normal laboratory conditions and 
after warm-up. 

One position on the step attenuator 
connects the high-speed Schmitt circuit 
to the sinusoidal oscillator. Symmetri¬ 
cal, positive-going square waves with a 
rise time of less than 100 nanoseconds 



ve into SO'Ohm load. Horizontal scale: 50 ns/div. 
hat flat top. Horizontal scale: 10 mt/div. 
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into oO ohms arc then available at the 
output terminals. This rise time is 
typically 40 nanoseconds into oO ohms 
at full output, which corresponds to the 
response time of an amplifier with 
greater than lO-MHz bandwidth. (See 
Figure o.) This output is greater than 
5 volts, peak-to-peak, open-circuit, and 
is dc-coupled through the 20-dB at¬ 
tenuator, so that the waveform is Hat^ 
topped even at the lower frequency 
limit of lO Hz. 

SYNCHRONIZATION 

This oscillator has a combination 
input/output synchronization capabil¬ 
ity similar to that descrilnid for the 
Typk 1310-A 2-c to 2-Mc Oscillator^, 
and its usefulness is enhanced by the 
high purity of the oscillator output. The 
sync output is greater than 1.5 volts, 
open-circuit, l>ehind 12 kilohms and is 
in phase with the normal front-panel 
output. This output is particularly 
convenient for triggering counters and 
tone-burst generators, etc, when the 
attenuator output is set at a very low 
level. Because this output Ls always 
connected to the sinusoidal oscillator, 
both 8(|uare-wave and sinusoidal out¬ 
puts are available simultaneously. The 
square waves expand the uses of the 
synchronizing capability by providing 
an output waveform and amplitude 
that are independent of the input 
waveform. Figures 6 shows a further use 
of the combined synchronization and 
square-wave functions. 

• Ibid. 

Figure 6. Using phose-thifl copobility of syn¬ 
chronized oscillator to get variable time delay 
pulses. (Top) sinusoidal input to oscillator syn¬ 
chronization jock. (Middle) Square-wave output 
with odjustable phase. (Bottom) Differentiated 
square wave (pulse) that has been adjusted to 
follow zero crossing of input sine wove by op- 
proximately 20^. 


Rolx.Tt IC. Owen received 
bin B.E.H. from Kcn»- 
tH'liuT RoI>'tcclmic In¬ 
stitute in IfMU and hiti 
M.S.K-E. from Ease b»- 
stitute of Technology' in 
1VH)3. During hisMtudent 
career, he was employed 
Hummers by Dresser 
Weclronics and B<)ont<in 
Rmliu (^triioration. He 
came to (ilciiern) liudio 
as a development engi- 
nui'r in 1063. His field is 
electrical networks, both 
active and passive. 


APPLICATIONS 

The variety of uses for an oscillator 
with this frequency range and types of 
waveforms is almost unlimited. Its 
purity of waveform and range of avail¬ 
able output level, however, make it 
particularly valuable for laboratory 
design and measurement use. As an 
example of its v^ersatility, it can be used 
in audio amplifier measurements as a 
source: 

with a wave analyzer to measure hum, 
noise, and harmonic distortion; 

with another oscillator and a wave 
analyzer to measure intermodulation 
distortion; 

ynth a tone-burst generator and 
oscilloscope to measure overload recov¬ 
ery and peak power output; 

with an oscilloscope to measure 
transient response; 

with a wattmeter to measure power 
output; and 

with a voltmeter to measure fre¬ 
quency response. 

— R. K. Owen 
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Figure 7. The Type 1309> A 
Otcillotor and otseciated 
equipment used for test¬ 
ing of on audio omplifier. 


SPECIFICATIONS 


FREQUENCY 

Ronge: 10 Hz to 100 IcHi ID four decade ranges. 
Control: Continuously adjustable main dial 
covers range in 1 turn, vernier in 4^ turns. 
Accuracy : sh29<. 

Synchronisotien: An external reference signal 
ran be intntduced through phone jack to phase- 
lock oscillator. One-volt input provides d: 3% 
Irtcking range. Frequency uial can \je used for 
phase adjustment. 

OUTFUT 
Siee Wove 

Power: 10 m\V into 000- 11 load. 

Voitoget 5.0 V ±.5% open circuit. 

Impedonce: (KK) 11. One terminal grounded. 

Control: Minimum of 20-dB ctintinufHisly ad¬ 
justable and CiO-dB step attenuator (20 ± 0.2 
dB |x*r step). Also, a zen»-vults output position 
with 000-11 output impedance maintained. 

Oistortiont \jo8s than 0.05% from 200 Hz to 
10 kHz, increasing to less than 0.25% at 10 Hz 
and 100 kHz o^Hm circuit or (iOO 11. See Figure 3. 

Frequency Characteristic: :t2% over whole 
frequency range for loads of 000 U or greater. 
See typical curve in Figure 4. 

Mum: I^eas than 50 mV regardless of attenuator 
setting. (0.001% of full output.) 


Synchronisotiont High-impedance (12 kll). con¬ 
stant amplitude tiutput of approximately 1.5 
volts fur usi* with cxtenial counter, for trigger¬ 
ing an aacillo8co|>e, or for s>'nchronizing other 
oscillators. 

Squore Wove 

Voltoge: (Jrcater than -f-5 V, iK’ak-to-|)eak, 
open-circuit. I)c-coupled output. 

Impedonce: 000 11. 

Rise Time: tender 100 ns into 50 11. Typically 
40 ns at full output. 

Control: Minimum of 20 dB continuously 
adjustable attenuator only. 

Symmetry: sh2% over whole frequency range. 

GENERAL 

Terminals: Two Type 038 Binding Posts, one 
grounded. 

Accessories Supplied: Type CAP-22 Power 
Cord, spare fuses. 

Accessories Avoilobie: T>TXJ 15t>0-P05 .\dapt4>r 
('able (telephone plug t<> Type 274-.M Double 
Plug) for connection to synchronizing jack, 
relay-rack adaptor set. 

Power Required: 100 to 125 V, 200 to 250 V, 
50 to 400 Hz, ti W. 

Mounting: Convertiblc-licnch cabinet. 
Dimensions: Width 8^^, height 0, depth 8V^ 
inches (210 by 155 by 210 mm), over-all. 

Net Weight: 6^ lb (3.1 kg). 


Catalog 
iW umber 

ikecription 

Price 
in USA 

1309-9701 

Type 1309-A Osciilotor, 10 Hs-100 kHz 

$325.00 

1560-9695 

Type 1560-795 Adaptor Coble 

3.00 

0480-9638 

Type 480-P308 Rack-Adoptor Set 

7.00 
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GENERATION OF SINE-SQUARED PULSES 
WITH THE TONE-BURST GENERATOR 


Sine-squared, or raised-cosine, pulses 
are useful in testing broadband trans¬ 
mission systems and, in particular, in 
video-bandwidth tests of television sys¬ 
tems.’ The sine-squared pulse, for in¬ 
stance, resembles very closely the elec¬ 
trical pulse from a television camera 
corresponding to a scanned white line. 
The spectrum envelope of a sine- 
squared pulse is shown in f igure I with 
that of a rectangular pulse for compari¬ 
son. Above twice the fundamental, the 
sine-s(|uared pulse has no components 
of appreciable magnitude. Helow that 
frecjuency, however, its spectrum re¬ 
sembles very closely that of the rec¬ 
tangular pulse.^ 

Sine-scpiared pulses can easily be pro¬ 
duced by the Type IilVM>-A Tone-Burst 
Generator. By means of the gating con¬ 
trols. the interval between pulses can 
be set at I, 3, 7, 15, 31, (13, or 127 
periods, or from 1 millisecond to 10 
seconds with a timed control. 

To generate sine-scpiared pulses with 
the Tone-Burst Generator, proceed as 
follows: 

1. Connect a -/xF capacitor Im^- 
/nz 

tween upper terminals of the signal 
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Figure 1. Spectrum envelopes of a rectongulor 
pulse ond a sine>squored pulse. 


iNPi T and TIMING iNPi T pairs. 

2. Apply a signal of the desired fre¬ 
quency, /, to the SIGNAL INPUT ter¬ 
minals. 

3. Set both gate duration switches 
to 2. 

*1. Set CYCLE counts switch to .mi¬ 
nus ONE. This produces onc^-cycle bursts 
similar to those of Figure 2 as seen on 
an oscilloscope. 

5. By means of the .slope switch and 
TRIGGER LEVEL Control, change the 
pha.se of the pulse so that gating occurs 
at peak points, as in f igure 3. 

‘ Nelson. Jo»eph E, “Television and Sine-S4)uared 
Teatinic," Ttklronix ^rvicr Scope, .April I9(i4. 

•Colin CherT>', PuUeo and Tranei^nit in Communication 
CireuiO, Chapman and Hall. Ltd., London. 19-49, pp 
175-181. 


(Left) Figure 2. One- 
cycle sine-wove burst. 
(Center) Figure 3. One- 
cycle burst gated at 
peak. (Right) Figure 4. 

Sine-squared pulse. 
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6. Add a dc voltage source in series 
with the input signal and adjust this 
voltage to remove the steep parts of 
the waveform and to produce the sine- 
8(|uared pulse of Figure 4. 

7. Set GATE DURATION-CLOSED SWltch 
to desired cycles interval between 
pulses. Alternatively, if a continuously 
adjustable interval is wanted, set to 
XI or XlOO, and adjust timed control 
to give desired interval. 

The value of the capacitor between 
the signal and timing inputs is not 
critical. Its purpose is to shift the phase 
of the timing signal relative to the in¬ 
put so that when switching occurs at 
the peak points the input circuits are 



Figure 5. Typicol tin*-tquored pulse train produced 
with the Tone-Burst Generator. 


.lames K. Skilling is a 
I0.S3 gradvinU* of the 
University of California 
at Berkeley, with a BS 
in Kleelriral Fnp«ccr- 
ing. He reeeivcKi his MS 
from Johns Hopkins Uni¬ 
versity in IlHi3. He has 
Iwen a junior engineer at 
1 louglas Aircraft and an 
instructor in electronics 
at the U. S. Naval 
Academy. Since 1959 he 
has l)cen a development 
engineer at General Ra¬ 
dio, spet'iulizing in pulse 
techniques and circuits. 


working at level somewhat below peak. 
This ensures more reliable operation. 

The output amplitude must be lim¬ 
ited to 7 volts, peak-to-peak. because 
the input is dc-coupled. The output 
has a dc component, which can be 
blocked by a coupling capacitor. 

Figure 5 is an oscillogram of typical 
sine-.squared pulses generated in the 
manner described above. The funda¬ 
mental input frequency is approxi¬ 
mately 2.5 kHz, and the interval be¬ 
tween pulses is 7 periods. 

— .T. K. Skilling 
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